


































































individual	had	 left	handed	 relatives)	but	did	not	differ	 in	 response	 to	 the	 semantic	P600	
sentences.	Experiment	2	followed	up	on	these	initial	differences	using	a	lateralised	version	








eliciting	 conditions	again	 indicates	 that	 the	 two	 types	of	P600	 responses	may	not	be	 the	
same.	 Experiment	 3	 examined	 the	 processing	 of	 the	 sentences	 in	 an	 older	 adult	 sample.	
Distributional	 changes	 in	 the	 form	 of	 a	 frontal	 shift	 have	 previously	 been	 seen	 for	 the	
syntactic	P600	in	older	adults,	and	this	same	pattern	was	found	again	here.	However,	the	




















































































































methods	 in	 the	 investigation	 of	 higher	 cognitive	 processes.	 The	 availability	 of	 a	 brain	
response	that	is	modulated	by	an	individual’s	interpretation	of	a	stimulus	rather	than	just	its	
presence	promised	 insights	 into	 the	neural	 bases	of	 aspects	 of	 human	 cognition	 that	 are	
difficult	or	impossible	to	examine	with	animal	models.	Perhaps	the	most	notable	example	of	





method	 in	 single	word	 studies	 (e.g.,	 Kutas,	McCarthy,	&	Donchin,	 1977).	 Sentences	were	
created	wherein	a	particular	word	was	unexpected,	either	due	to	physical	features	such	as	
font	size	(e.g.,	“SHE	PUT	ON	HER	HIGH	HEELED	SHOES”)	or	because	its	meaning	rendered	
it	 incongruous	 with	 the	 sentence	 context	 (e.g.,	 “HE	 SPREAD	 THE	 WARM	 BREAD	 WITH	
SOCKS”).	The	physically	unexpected	 sentence	 final	words	 elicited	 the	 expected	P300-like	
response,	 typically	 seen	 in	 oddball	 studies,	 peaking	 about	 560	 ms	 after	 stimulus	 onset.	
However,	the	response	that	was	elicited	by	the	semantic	violations	differed	in	both	polarity	












larger	 N400	 to	 the	 contextually	 unexpected	 words	 in	 the	 anomalous	 case.	 Large	 N400	
responses	can	also	be	seen	in	the	original	data	across	all	sentence	types	for	content	words	
early	in	the	sentence	(cf,	Van	Petten	&	Kutas,	1990;	Payne,	Lee	&	Federmeier,	2015).	
The	 N400	 is	 now	 the	 most	 studied	 ERP	 component	 in	 the	 domain	 of	 language,	
contributing	 a	 large	 body	 of	 knowledge	 related	 to	 the	 access	 and	 accrual	 of	 meaning	
information.	 It	 has	been	used	 to	 show	 that	 language	 comprehension	 is	 incremental	 (Van	
Petten	&	Kutas,	1990)	and	involves	prediction	(Federmeier	&	Kutas,	1999a),	that	semantic	
information	can	be	processed	without	conscious	awareness	(Luck,	Vogel,	&	Shapiro,	1996)	
and	 in	 the	 parafovea	 during	 reading	 (Barber,	 Doñamayor,	 Kutas,	 &	Münte,	 2010;	 Payne,	
Stites	&	 Federmeier,	 2016),	 and	 that	 language	mechanisms	 vary	 across	 the	 hemispheres	
(Federmeier	&	Kutas,	1999b)	and	change	over	the	course	of	normal	aging	(Wlotko,	Lee	&	
Federmeier,	2010).		
Following	 the	 discovery	 of	 the	 N400,	 a	 number	 of	 other	 language-related	 ERP	





a	 posterior	 scalp	 distribution,	 elicited	 by	 stimuli	 that	 are	 unexpected	 and/or	 difficult	 to	

























has	 come	 to	 be	 well-characterised	 as	 part	 of	 the	 response	 to	 syntactic	 violations	 and	
dispreferred	syntactic	structures	of	a	variety	of	types,	in	multiple	languages	(e.g.,	Friederici,	




variety	of	 stimulus	 types,	 and	 it	 has	been	attested	 for	 listening	 as	well	 as	word-by-word	
reading	 (Hagoort	 &	 Brown,	 2000).	 In	 the	 original	 study,	 the	 experimenters	 used	 phrase	
structure	violations	 to	elicit	 the	P600,	and	since	 then	similar	stimuli	and	conditions	have	
replicated	these	findings	in	English	(Ainsworth-Darnell,	Shulman,	&	Boland,	1998)	as	well	as	
Dutch	(Hagoort,	Brown,	&	Groothusen,	1993)	and	German	(Friederici	et	al.,	1996;	Hahne	&	
Friederici,	 1999).	 Investigations	 have	 also	 been	 made	 into	 different	 types	 of	 syntactic	
violations,	 with	 late	 posterior	 positivities	 not	 just	 being	 seen	 to	 violations	 of	 phrase	
structure,	but	also	to	violations	of	subjacency	(Neville,	Nicol,	Barss,	Forster,	&	Garrett,	1991),	







imitate	 a	 pop	 star	 for	 the	 audience’s	 amusement”.	 This	makes	 clear	 that	 the	P600	 is	 not	
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simply	 indexing	 the	 appreciation	 of	 a	 syntactic	 error	 but	 is	 also	 sensitive	 to	 syntactic	
complexity	(Kaan	et	al.,	2000).		
Based	on	these	kinds	of	findings,	for	a	time	there	was	a	general	idea	that	semantic	










syntactic	 violations.	 Some	 theories,	 for	 example,	 focus	 on	 syntactic	 reanalysis	 (Hahne	 &	
Friederici,	 1999;	 Kim	 &	 Osterhout,	 2005)	 and	 others	 on	 the	 difficulty	 of	
integration/unification	(Hagoort	&	Brown,	2000;	Kaan	et	al.,	2000).	






















characterised	 in	 Dutch	 (Van	 Herten,	 Kolk,	 &	 Chwilla,	 2005),	 Spanish	 (Stroud	 &	 Phillips,	
2012),	 and	Chinese	 (Chow	&	Phillips,	2013),	 attesting	 to	 its	 generalisability.	The	original	
results	have	been	 replicated	and	built	 upon	 in	 the	Kuperberg	 lab,	 showing,	 among	other	
things,	 that	 the	 semantic	 P600	 often	 makes	 up	 part	 of	 a	 biphasic	 response,	 being	 seen	
alongside	 an	 N400	 in	 a	 number	 of	 studies	 (e.g.	 Kuperberg,	 Caplan,	 Sitnikova,	 Eddy,	 &	
Holcomb,	 2006;	 Kuperberg,	 Choi,	 Cohn,	 Paczynski,	 &	 Jackendoff,	 2010).	 Other	 labs	 have	
obtained	similar	results	with	English	materials,	 including	Kim	and	Osterhout	(2005),	who	
suggested	 that	 the	 semantic	 P600	 results	 from	 cases	 in	 which	 there	 is	 strong	 semantic	
attraction	between	the	verb	and	its	argument	(e.g.	“The	hearty	meal	was	devouring…”)	but	
not	 in	cases	wherein	 the	semantic	 relationship	 is	weaker	 (e.g.	 “The	dusty	 tabletops	were	
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devouring…”).	 They	 propose	 that	 in	 cases	 of	 strong	 semantic	 attraction,	 plausibility	
overrides	 syntactic	 structure	 and	 the	 verb	 is	 misinterpreted	 (e.g.,	 in	 the	 above	 case,	
‘devouring’	 would	 be	 interpreted	 as	 ‘devoured’),	 leading	 to	 a	 syntactic	 error	 and,	 as	 a	
consequence,	 a	 P600.	 However,	 work	 in	 other	 languages	 has	 called	 this	 account	 into	
question.	One	such	study	in	Dutch	used	semantic	reversal	anomalies	that,	if	misinterpreted,	
would	lead	participants	to	expect	a	particular	plural	inflection	on	the	verb.	Sentences	were	






for	 instances	 of	 both	 the	 semantic	 and	 syntactic	 P600s	 (e.g.,	 Bornkessel-Schlesewsky	 &	
Schlesewsky,	2008;	Kuperberg,	2007;	Van	Herten	et	al.,	2005;	Van	Herten,	Chwilla,	&	Kolk,	
2006).	 Many	 of	 the	 theories	 are	 similar	 in	 nature,	 proposing	 a	 semantic	 stream	 which	
interprets	the	sentence	based	on	world	knowledge	and	single	word	information,	working	
alongside	a	syntactic	stream.	Van	Herten	and	colleagues	(2005;	2006)	interpret	this	syntactic	
stream	 as	 a	 slower	 process	 which	 inevitably	 comes	 to	 the	 correct	 interpretation	 of	 the	
sentence	 based	 on	 the	 syntactic	 structure.	 They	 propose	 that	when	 the	 syntactic	 stream	
conflicts	 with	 the	 semantic	 stream,	 the	 resulting	 reanalysis	 is	 reflected	 on	 the	 P600.	





attributing	 it	 to	 a	 conflict	 in	 the	 process	 of	 integrating	 the	 two	 processing	 streams.	 The	
Kuperberg	(2007)	account	differs	in	some	ways	from	those	already	discussed.	Although	it	
also	proposes	a	semantic	and	a	combinatorial	stream,	the	latter	of	the	two	is	making	use	of	




Multi-stream	 models	 fairly	 naturally	 account	 for	 the	 fact	 that	 different	 kinds	 of	
















One	 commonality	 between	 recent	 multiple	 and	 single	 stream	 theories	 is	 that,	 in	
focusing	on	the	difference	between	the	streams/subprocesses	 that	characterise	 the	N400	
versus	 the	 P600,	 both	 types	 of	models	 have	 tended	 to	 group	 the	 syntactic	 and	 semantic	
P600’s	 together,	 explaining	 both	 under	 the	 same	 theoretical	 umbrella.	 In	 so	 doing,	 the	
theories	 have	 made	 the	 –	 often	 tacit	 –	 assumption	 that	 the	 functional	 and	 neural	
underpinnings	of	the	two	types	of	P600	are	similar.	Indeed,	both	components	not	only	arise	
in	 the	 context	 of	 language	 manipulations	 but	 have	 a	 similar	 timecourse	 and	
distribution.	 	Nonetheless,	 direct	 empirical	 support	 for	 this	 link	 has	 been	 lacking	 in	 the	
literature.		Moreover,	the	kind	of	morphological	similarity	that	has	led	many	researchers	to	
group	 the	 two	P600’s	 together	has	also	compelled	a	comparison	between	 these	 language	
positivities	and	the	P3b	–	a	comparison	that	has	been	more	controversial.		
Several	 responses	 that	 have	 been	 characterised	 in	 the	 context	 of	 language	
comprehension	bear	some	similarity	to	the	classic	P300	response:	they	are	positive-going	
responses	 to	 events	 that	 are	 unexpected	 (and	 possibly	 attention-grabbing),	 often	with	 a	
wide-spread	 distribution	 that	 is	 larger	 over	 the	 back	 of	 the	 head	 in	 the	 young	 adult	





subcomponent	 of	 the	 P300	 that	 is	 known	 as	 the	 P3b	 (as	 opposed	 to	 the	 P3a:	 Snyder	 &	
Hillyard,	1976;	 Squires,	 Squires	&	Hillyard,	1975),	which	 can	 readily	be	elicited	using	an	







and	 task	 conditions;	 it	 is	 larger	 to	 stimuli	 that	 are	 relevant	 to	 the	 task	 being	 completed	
(Duncan-Johnson	&	Donchin,	1977),	and	larger	to	stimuli	that	are	more	salient	and	are	being	
actively	 attended	 to	 (Donchin	 &	 Cohen,	 1967).	 It	 is	 also	 larger	 to	 stimuli	 that	 are	 less	
probable	both	globally	and	locally	(Squires,	Wickens,	Squires,	&	Donchin,	1976).	The	P3b	is	
specifically	sensitive	to	subjective	probability,	meaning	that	the	probability	of	the	category	








of	 this	model	–	 i.e.,	 an	updating	of	 the	context	–	elicits	a	P3b.	Context	updating	naturally	
explains	 the	 sensitivity	 of	 the	 P3b	 to	 probability.	 In	 an	 oddball	 task,	 for	 example,	
encountering	 a	 series	 of	 standards	 creates	 a	 context,	 such	 that	 further	 iterations	 of	 this	
standard	will	not	provide	much	new	information.	However,	when	the	infrequent	oddball	is	
encountered,	 the	 model	 must	 be	 updated,	 yielding	 a	 larger	 P3b.	 Higher	 global,	 local,	 or	









Thus,	 the	 P3b	 has	 been	 argued	 to	 arise	when	 attentionally-mediated	 processes	 promote	
memory	operations	in	temporo-parietal	areas	(Polich,	2003).	
Whereas	 context	 updating,	 and	 other	 theories,	 view	 the	 P3b	 as	 reflecting	 the	
processing	consequences	associated	with	evaluating	a	stimulus,	some	emerging	views	link	
the	component	directly	to	decision	making	(Twomey,	Murphy,	Kelly,	&	O’Connell,	2015).	In	
particular,	 at	 the	 neurobiological	 level,	 Nieuwenhuis,	 Aston-Jones,	 &	 Cohen	 (2005)	 have	
argued	that	the	P3b	reflects	the	phasic	response	of	the	locus	coeruleus-norepinephrine	(LC-
NE)	 system,	 which,	 in	 turn,	 has	 been	 theorised	 to	 reflect	 the	 results	 of	 decision-making	
processes.	
The	 debate	 about	whether	 the	 P600	 is	 actually	 a	manifestation	 of	 the	 P3b	 in	 the	
context	of	language	is	not	a	new	one,	and,	as	a	result,	there	is	much	evidence	on	both	sides.	
As	 such,	 the	debate	provides	 an	 interesting	 insight	 into	how	 researchers	might	 go	 about	
trying	to	investigate	whether	or	not	components	with	surface	similarity	are,	 in	fact,	more	
than	superficially	similar.		
To	make	 the	 case	 for	 the	 separability	 of	 the	 components,	 experiments	 have	 been	
carried	 out	 that	 aim	 to	 elicit	 both	 components	 within	 a	 single	 paradigm	 (Osterhout,	



















less	 probable	 sentence	 types,	 both	 for	 improbable	 syntactic	 violations	 as	 well	 as	 for	
grammatical	 sentences,	 when	 those	were	 improbable.	 	 Moreover,	 the	 response	 to	 lower	
probability	events	of	both	types	(a	response	which	thus	might	be	argued	to	be	a	P3b)	was	
indistinguishable	 in	 timing	 or	 distribution	 from	 the	 response	 to	 ungrammaticality	







Although	 timecourse	 similarities	between	 the	P600	and	P3b	have	been	noted,	 the	
latency	of	 the	P600	 is,	 in	most	cases,	 later	 than	the	typical	 latency	of	 the	P3b	 in	a	simple	
oddball	task.	However,	even	before	the	discovery	of	the	P600,	 it	was	already	known	that,	
unlike	some	of	the	other	cognitive	components	(such	as	the	N400),	P3b	latency	is	not	tightly	
yoked	 to	 the	 onset	 of	 the	 eliciting	 stimulus	 but	 instead	 is	 related	 more	 strongly	 to	 the	
participant’s	 response	 to	 the	 stimulus,	 in	 particular	 varying	 with	 factors	 affecting	 the	
timecourse	 of	 stimulus	 evaluation	 (Courchesne	 et	 al.,	 1977;	 Nieuwenhuis	 et	 al.,	 2005;	







Perhaps	more	 important	 than	 the	 absolute	 latency	 of	 the	 P600	 is	 the	 question	 of	
whether	 that	 latency	 shows	 the	kind	of	variability	 that	has	been	established	 for	 the	P3b.	
Single	trial	analyses	of	the	P3b	have	found	that	it	is	closely	aligned	with	reaction	time	(e.g.,	
Makeig	 et	 al.,	 1999),	 at	 least	 under	 conditions	 in	 which	 accuracy	 rather	 than	 speed	 is	
prioritised	(e.g.,	Kutas	et	al.,	1977)	and	wherein	reaction	times	are	not	highly	dominated	by	
response	selection	demands	(McCarthy	&	Donchin,	1981).	Thus,	an	important	question	for	




might	 predict	 (see	 discussion	 in	 Sassenhagen,	 Schlesewsky,	 &	 Bornkessel-Schlesewsky,	
2014).	To	 test	 this,	 Sassenhagen	and	colleagues	used	a	 single	 trial	 analysis	 that	 assessed	
alignment	of	the	P600	latency	with	the	stimulus	and	with	the	response.	In	this	experiment,	




critical	 word,	 the	 latency	 of	 the	 P600	was	 instead	 tightly	 aligned	with	 the	 button	 press	
response	 that	 participants	 used	 to	 indicate	 if	 the	 sentence	 was	 correct	 or	 incorrect.	
Moreover,	on	a	single	trial	level,	the	button	press	response	occurred	during	the	elicitation	of	
the	P600,	not	after	–	thus	inconsistent	with	accounts	that	posit	that	the	processes	involved	








as	multiple,	 differentiable	neural	 sources	 could	 lead	 to	 similar	 scalp	distributions.	Again,	




older	 adults	 showing	 a	 more	 frontal	 distribution	 in	 response	 to	 standard	 oddball	 tasks	
(Fabiani	 &	 Friedman,	 1995;	 Fabiani,	 Friedman,	 &	 Cheng,	 1998;	 Friedman	 et	 al.,	 1997).	
Relatively	few	studies	have	looked	at	the	P600	in	older	adults.	However,	Kemmer,	Coulson,	
De	Ochoa,	and	Kutas	(2004)	presented	older	adult	participants	with	sentences	containing	
number	 agreement	 violations	 (e.g.,	 “Industrial	 scientists	 develops	 many	 new	 consumer	
products”)	and	pronoun-antecedent	agreement	violations	(e.g.,	“The	grateful	nieces	asked	
themselves	 how	 she	 could	 repay	 her	 aunt”).	 They	 observed	 a	 P600	 in	 older	 adults	with	
similar	amplitude	and	 latency	to	that	 in	younger	adults	–	but,	 indeed,	with	a	pronounced	
frontal	shift.	We	replicated	this	finding	in	an	experiment	that	used	word	class	violations	in	a	
visual	half-field	design	(Leckey	&	Federmeier,	2017).	Whereas	younger	adults	showed	the	
typical	 posterior	 distribution	 in	 their	 P600	 responses	 (Lee	 &	 Federmeier,	 2015),	 older	
adults’	P600’s	showed	a	broader,	frontally-shifted	distribution.	
As	 can	 be	 seen	 from	 the	 extensive	 and	 varied	 evidence	 above,	 the	 idea	 that	 the	
syntactic	P600	may	be	a	variant	of	the	P3b	has	amassed	strong	empirical	support.	It	might	
be	argued	that	the	grouping	or	splitting	apart	of	components	is	of	little	importance.		After	all,	
regardless	 of	 its	 similarity	 (or	 not)	 to	 the	 P3b,	 the	 P600	 is	 a	 marker	 that	 can	 capture	
differences	 between	 the	 processing	 of	 syntactically	 congruent,	 preferred,	 or	 probable	
structures	 relative	 to	 incongruent,	 dispreferred,	 or	 less	 probable	 structures,	making	 it	 a	
useful	measure	for	understanding	the	on-line	processing	of	syntax	and	how	that	processing	







in	 the	brain	 (see	Hansenne,	2000;	Soltani	&	Knight,	2000),	how	 it	 changes	with	age	 (e.g.,	
Fabiani	&	Friedman,	1995;	Fabiani	et	al.,	1998;	Friedman	et	al.,	1997),	and	if/how	it	differs	
in	various	clinical	populations	(Clark,	McFarlane,	Weber,	&	Battersby,	1996;	Jeon	&	Polich,	
2003;	 Röschke,	 &	 Wagner,	 2003).	 The	 literature	 provides	 knowledge	 about	 the	 P3b’s	
sensitivity	 to	 chemicals	 and	 hormones	 --	 e.g.	 the	 effects	 of	 caffeine	 (Kawamura,	 Maeda,	
Nakamura,	Morita,	&	Nakazawa,	1996;	Seidl,	Peyrl,	Nicham,	&	Hauser,	2000)	and	menstrual	













the	 idea	that	 the	P600	reflects	a	domain	specific	response.	Responses	with	all	 the	 typical	
features	of	a	P600	have	been	reported	in	response	to	various	non-language	stimuli.	P600’s	
are	 observed	 to	 violations	 of	 visual	 narrative	 structure	 in	 comics	 (Cohn,	 Jackendoff,	
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learned	 structure	 within	 simple	 non-linguistic	 sequences	 (Christiansen,	 Conway,	 &	
Onnis,	2012;	Lelekov-Boissard	&	Dominey,	2002).		
Up	to	this	point	researchers	have	been	labelling	the	numerous	positive	components	
as,	 for	 example,	 LPC’s,	 P600’s	 or	 just	 posterior	 positivities	 based	 on	 largely	 untested	
assumptions.	A	researcher	who	believes	that	visual	narrative	structure	might	be	similar	to	
syntax,	 for	example,	 is	 likely	to	label	their	positivity	as	a	P600	whereas	a	researcher	who	
thinks	 event	 structure	 in	 movies	 is	 semantic	 in	 nature	 is	 likely	 to	 label	 their	 similar	

















of	known	 lateralisation	differences	dependent	on	 familial	handedness	 to	 assess	potential	
differences	between	the	right	and	left	hemisphere	responses	to	stimuli	typically	associated	
with	each	of	 the	P600	variants.	Finally	Experiment	3	will	make	use	of	known	age-related	























have	 arisen	 as	 to	 how	 this	 processing	 differs	 across	 the	 two	 networks,	 and	 what	









outside	 of	 foveal	 vision	 in	 either	 the	 left	 or	 right	 visual	 field,	 allowing	 for	 the	 initial	
processing	of	the	stimulus	to	be	biased	to	the	hemisphere	contralateral	to	the	visual	field	
(VF)	of	presentation	(Beaumont,	1983).		
	 	In	 an	 early	 example	 of	 this	 type	 of	 work,	 Federmeier	 and	 Kutas	 (1999a,	 1999b)	
compared	 centralised	 and	 lateralised	 versions	 of	 the	 same	 task.	 In	 the	 centralised	 study,	















hemispheres	showed	the	basic	congruency	effect,	attesting	 to	 the	ability	of	even	 the	right	
hemisphere	 to	 understand	 the	 sentences.	 Critically,	 however,	 the	 facilitation	 for	 the	
unexpected	words	from	the	expected	category	was	seen	only	with	presentation	to	the	right	


















be	 used	 to	 tease	 apart	 the	 unique	 contributions	 of	 each	 hemisphere	 with	 regard	 to	 the	





picture.	 Studies	measuring	 behavioral	 responses	 (e.g.,	 lexical	 decisions)	 in	 VF	 paradigms	
have	 sometimes	 suggested	 an	 insensitivity	 of	 the	 right	 hemisphere	 to	 sentence	 structure	
(Arambel	&	Chiarello,	2006;	Faust	&	Chiarello,	1998).	However,	results	from	some	patient	
studies	have	suggested	that,	not	only	is	the	right	hemisphere	capable	of	appreciating	syntax,	
but	 it	 may	 even	 make	 unique	 contributions	 to	 aspects	 of	 grammatical	 processing	
(Schneiderman	&	Saddy,	1988).			
	 To	 assess	 the	 ability	 of	 the	 two	 hemispheres	 to	 appreciate	 basic	 aspects	 of	 phrase	
structure,	 Lee	 and	 Federmeier	 (2015)	 presented	 young	 adult	 subjects	 with	 two	 word	







	 ERP	 responses	 to	 syntactic	 violations	 typically	 contain	 a	 response	 known	 as	 the	
(syntactic)	P600.	The	P600	is	a	broad,	positive-going	response	typically	seen	500	ms	or	more	
after	stimulus	onset,	with	a	posterior	scalp	distribution.	The	response	has	been	observed	to	
a	 wide	 range	 of	 syntactic	 anomalies	 and	 dispreferred	 syntactic	 structures	 in	 multiple	
languages	(e.g.,	Friederici	et	al.,	1996;	Hahne	&	Friederici,	1999;	Kaan	et	al.,	2000;	Osterhout	
&	 Holcomb,	 1992).	 Given	 the	 large	 literature	 attesting	 to	 the	 left	 hemisphere’s	 ability	 to	
appreciate	 syntax,	 Lee	 and	 Federmeier	 (2015)	 expected	 to	 see	 a	 P600	with	 presentation	






and	 Federmeier	 study,	 all	 right-handed	 themselves)	 as	 a	 function	 of	 a	 possible	 genetic	
tendency	toward	left-handedness.	Handedness	itself	has	long	been	known	to	be	an	important	




has	 even	 been	 seen	 to	 relate	 to	 an	 increased	 likelihood	 for	 atypical	 right	 hemisphere	
dominance	(Knecht	et	al.,	2000).	Indeed,	with	WADA	testing,	it	was	found	that	participants	






	 As	 with	 handedness,	 the	 potential	 importance	 of	 familial	 sinistrality	 for	 language	
processing	is	not	a	new	idea,	and	there	have	long	been	suggestions	that	it	 is	an	important	
factor	 that	 researchers	 should	 work	 to	 take	 into	 account	 (e.g.	 Luria,	 1970;	 McKeever	 &	
VanDeventer,	 1977).	 Much	 of	 the	 research	 that	 has	 taken	 place	 in	 the	 field	 of	 familial	
sinistrality	focuses	on	different	patterns	of	hemispheric	asymmetry	across	right-handed	FS-	
and	FS+	participants,	such	as	those	used	in	Lee	and	Federmeier	(2015).	Lesion	studies	for	









seen	 in	 an	 experiment	 in	 which	 groups	 of	 people	 listened	 to	 a	 story	 while	 undergoing	
imaging;	 	again,	the	FS+	group	showed	less	asymmetry	in	language	areas	compared	to	the	
FS–	group	(Tzourio-Mazoyer	et	al.,	2010).			
	 Two	 main	 theories	 have	 been	 put	 forward	 to	 explain	 why	 these	 lateralisation	
differences	 arise	 as	 a	 function	 of	 FS.	 Hancock	 and	 Bever	 (2013)	 suggest	 that	 genetic	
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differences	 in	 dopamine	 activity	 between	 the	 two	 FS	 groups	 are	 the	 root	 cause.	 They	
hypothesise	that	increased	dopamine	activity	in	the	LH	for	FS-	individuals	lends	the	LH	an	
advantage	 for	 the	 processing	 of	 language,	 an	 advantage	 which	 increases	 over	 time	 with	
language	experience.	The	FS+	group	is	proposed	to	have	a	reduced	asymmetry	of	dopamine	
activation,	 such	 that	 there	 is	 no	 advantage	 for	 the	 LH,	which,	 in	 turn,	means	 it	 does	 not	
become	specialised	in	the	same	way	as	for	FS-	people	and	the	processing	is	ultimately	then	
shared	between	 the	 two	hemispheres.	Much	of	 the	work	of	Bever	 and	his	 colleagues	has	
suggested	that	these	underlying	differences	result	in	functional	differences	between	the	ways	




individuals	 are	 at	 their	 best	 when	 the	 information	 is	 presented	 clause-by-clause	 (Bever,	
Carrithers,	&	Townsend,	1987).	Their	findings	suggest	that	not	only	might	FS+	individuals	












As	 FS-	 are	 more	 left	 lateralised	 for	 language,	 they	 are	 thought	 to	 use	 more	 procedural	
memory	systems	during	processing.	Thus,	this	view	links	FS-	to	better	procedural	memory,	













handedness	 was	 taken	 into	 account,	 it	 revealed	 a	 strikingly	 different	 pattern	 of	 ERP	
responses	for	each	of	the	two	groups.	For	those	participants	who	did	not	have	a	history	of	













	 The	 impact	 of	 both	 familial	 sinistrality	 and	 age	 show	 us	 that	 it	 isn’t	 as	 simple	 as	
addressing	 whether	 or	 not	 the	 right	 hemisphere	 ‘can’	 appreciate	 syntax;	 instead,	 by	














2006).	 In	 this	 follow	up,	 in	addition	to	 the	 thematic	role	animacy	violations,	and	the	non-
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They	 were	 all	 monolingual	 speakers	 of	 English	 and	 had	 normal	 or	 corrected-to-normal	
vision.	All	participants	completed	a	familial	sinistrality	assessment	(Bishop,	1980)	and	were	
designated	to	one	of	two	groups	based	on	their	resulting	profile.	The	FS+	group	was	made	
up	of	participants	who	 reported	an	 immediate	biological	 family	member	 (parent,	 sibling,	
grandparent)	who	was	left-handed	(handedness	assessment	for	FS+	group:	mean	score	0.86;	


















no	 violations	 (e.g.	 ‘After	 catching	 the	 ball,	 the	 boy	 would	 throw	 it	 very	 quickly.’).	 Such	
sentences	were	then	used	as	a	base	to	create	three	types	of	violations:	thematic	role	animacy	
violations,	 non-thematic	 role	 pragmatic	 violations,	 and	 morphosyntactic	 violations.		
Thematic	 role	 animacy	 violations	 were	 created	 by	 replacing	 the	 animate	 noun	 with	 a	
contextually-related	inanimate	one	(e.g.	“After	catching	the	ball,	the	cheers	would	throw	it	






role	 animacy	 violation	 sentences,	 20	 morphosyntactic	 violation	 sentences	 and	 20	 non-
thematic	role	pragmatic	violations.	Each	sentence	frame	and	critical	verb	appeared	once	per	















	 Participants	 completed	 the	 experiment	while	 seated	 100cm	 from	 the	 testing	 screen	
within	an	electrically	shielded	booth.	They	were	given	written	and	verbal	instructions	as	to	
how	 to	 complete	 the	 task.	A	 centrally	positioned	 red	 square	 served	as	 a	 fixation	point	 to	
reduce	 lateral	 eye	movements.	 Participants	were	 asked	 to	maintain	 fixation	 on	 this	 spot	




(to	 reduce	 the	 contribution	 of	 slow	 potentials	 to	 the	 average	 ERP),	 the	 sentence	 was	
presented	in	the	centre	of	the	screen	one	word	at	a	time.	Each	word	was	on	the	screen	for	
200ms	with	an	interstimulus	interval	of	300ms.	The	order	of	presentation	for	the	sentences	
was	 randomised	with	 the	 constraint	 that	no	more	 than	 two	of	 a	particular	 sentence	 type	
would	be	presented	consecutively.	After	each	sentence,	the	word	“OKAY?”	appeared	in	the	
centre	of	the	screen	in	red,	and	at	this	point	the	participant	was	required	to	make	a	judgment	





other	 cases,	 they	 were	 instructed	 to	 respond	 “no”.	 Designated	 response	 hand	 was	
counterbalanced	across	participants.	The	 “OKAY?’	prompt	 remained	on	 the	 screen	until	 a	
response	was	made	with	a	button	press.	Following	the	response	there	was	a	further	interval	
of	2500ms	to	allow	participants	to	relax	and	blink	before	the	next	trial	began.	To	prevent	























Midline	 Central	 (MiCe),	 Left	 and	 Right	 Medial	 Central	 (LMCe	 and	 RMCe),	 Left	 and	 Right	
Mediolateral	Central	(LDCe	and	RDCe),	Midline	Parietal	(MiPa),	Left	and	Right	Mediolateral	
Parietal	 (LDPa	 and	 RDPa),	 Left	 and	 Right	 Lateral	 Temporal	 (LLTe	 and	 RLTe),	 Midline	
Occipital	(MiOc),	Left	and	Right	Medial	Occipital	(LMOc	and	RMOc),	and	Left	and	Right	Lateral	
Occipital	(LLOc	and	RLOc	).	All	of	these	scalp	electrodes	were	referenced	on-line	to	the	left	
mastoid	 and	 re-referenced	 off-line	 to	 the	 average	 of	 the	 right	 and	 the	 left	mastoids.	 The	
vertical	 electrooculogram	 (EOG)	 was	 monitored	 by	 an	 electrode	 placed	 on	 the	 left	
infraorbital	 ridge	and	the	horizontal	EOG	was	monitored	by	 two	electrodes	placed	on	 the	
outer	canthus	of	each	eye.	Electrode	impedances	were	kept	below	5kΩ.	The	continuous	EEG	
























FS	 (FS+	 and	 FS-)	 and	 four	 levels	 of	 sentence	 type	 (control	 sentence,	 non-thematic	 role	
pragmatic	 violation,	morphosyntactic	 violation,	 and	 thematic	 role	 animacy	 violation)	was	
carried	out	on	the	accuracy	data.	There	was	a	main	effect	of	sentence	type	[F(3,	138)	=	27.75,	p	
<	0.0001],	in	which	accuracy	was	greatest	for	the	thematic	role	animacy	violations	(90.6%),	


















types	 of	 violations	 –	 non-thematic	 role	 pragmatic,	 morphosyntactic,	 and	 thematic	 role	










Experiments	1	 and	2,	we	plotted	 all	 sentence	 types	 containing	 violations,	 compared	with	
control	 sentences,	 for	 the	 data	 from	 central	 presentation.	 This	 revealed	 a	 spatially	




ms	 (which	matches	 that	 used	 in	 Kuperberg	 et	 al.,	 2003;	 2006)	 and	 included	 all	 26	 scalp	
channels.	 Following	 the	N400,	 over	posterior	 electrode	 sites,	 there	was	 a	 sustained	P600	
component.	 This	 matches	 the	 P600	 distribution	 typically	 reported	 in	 the	 literature;	 it	 is	
















































N400	 time	 window:	 In	 this	 time	 window,	 there	 was	 no	 effect	 of	 sentence	 type	 for	 this	
contrast,	 nor	 was	 there	 an	 effect	 of	 FS	 [p’s	 >	 0.05];	 however,	 there	 was	 a	 significant	

































































Summary:	The	more	negative	going	response	 to	 the	violation	 in	 the	early	 time	window	is	
indicative	 of	 an	 N400	 effect	 to	 this	 violation	 type	 (Figure	 2.4),	 and	 the	 marginal	 FS	 by	
sentence	type	 interaction	 is	suggestive	that	 there	might	be	a	 larger	N400	effect	 in	the	FS-	





















found	 a	 widely-distributed	 N400	 effect	 pattern	 in	 response	 to	 the	 non-thematic	 role	
pragmatic	violations,	and	posteriorly-distributed	P600	effects	to	both	the	morphosyntactic	
violations	and	 the	 thematic	 role	 animacy	violations.	We	also	 found	a	 typical	 oddball	P3b	
response,	with	a	posterior	distribution	similar	to	that	of	the	P600.	There	was	no	effect	of	FS	















et	 al.,	 2003,	 study	 (P600	 only)	 and	 the	 2006	 follow	 up	 (N400/P600).	 Here,	 for	 both	 FS	
groups,	 we	 found	 biphasic	 responses	 consistent	with	 those	 seen	 in	 the	 Kuperberg	 et	 al.	
(2006)	study,	the	experiment	for	which	the	present	experiment	is	a	direct	replication;	this	























stimuli	 in	 Lee	 and	 Federmeier	 (2015)	 elicited	 a	 bilateral	 P600	 effect	 and,	 again,	 this	 is	
mirrored	in	the	centralised	task	here	where	only	a	P600	is	seen	in	response	to	the	violations.		
The	theories	outlined	earlier	in	this	paper	(Townsend	&	Bever,	2013;	Ullman,	2004;	
2016)	put	 forward	 the	 idea	 that	 the	FS	 groups	differed	 in	 terms	of	 the	 information	 they	
prioritised	 during	 syntactic	 processing,	 with	 both	 concluding	 that	 FS+	 individuals	 more	
readily	 access	 lexical	 information	 whereas	 their	 FS-	 counterparts	 attend	 more	 to	 the	











terms	 of	 how	 they	 comprehend	 online.	 In	 the	 present	 experiment,	 we	 don’t	 see	 major	
differences	between	the	groups	in	terms	of	behaviour	that	suggest	any	baseline	differences	
in	comprehension,	but	there	are	indeed	some	differences	in	the	online	processing	of	these	
violation	 types,	 consistent	 with	 claims	 that	 these	 groups	 have	 differing	 biases	 in	 which	
networks	they	engage	when	processing	language.	Given	that	the	primary	difference	noted	












FIGURE 2.1  Electrode array. All circular sites (26), black and white, represent those used in the N400 time window analysis (300-500 ms). 








Non-thematic Role Pragmatic Violation
Control Sentence
N400N400
FIGURE 2.2  Grand-averaged ERP’s for both familial sinistrality groups for all trials, FS- is shown to the left of the panel and FS+ is shown 
to the right. The presented waveforms show ERPs recorded at a representative electrode as indicated by the black dot in the central array. 








FIGURE 2.3  Grand-averaged ERP’s for all trials, FS- is shown to the left of the panel and FS+ is shown to the right. Waveforms show ERPs 
recorded at a representative electrode as indicated by the black dot in the central array. Significant effects are highlighted on the 












FIGURE 2.4  Grand-averaged ERP’s for all trials, FS- is shown to the left of the panel and FS+ is shown to the right. Waveforms show ERPs 
recorded at a representative electrode as indicated by the black dot in the central array. Significant effects are highlighted on the 



















FIGURE 2.5  Grand-averaged ERP’s for all trials, FS- is shown to the left of the panel and FS+ is shown to the right. Waveforms show ERPs 






(non-thematic	 role	 pragmatic,	 morphosyntactic,	 and	 thematic	 role	 animacy)	 will	 be	
investigated	 in	 an	 experiment	 combining	 ERPs	 and	 visual	 half-field	 presentation,	 to	
preferentially	 stimulate	 each	 cerebral	 hemisphere.	 This	 will	 allow	 us	 to	 assess	 the	
contributions	of	each	hemisphere	to	processing,	as	a	function	of	familial	sinistrality.	
	 To	our	knowledge,	the	only	prior	study	looking	at	language	processing	as	a	function	of	
FS	 and	 lateralisation	 is	 that	 of	 Lee	 and	 Federmeier	 (2015).	 They	 used	 phrase	 structure	
violations	and	found	that	FS-	participants	showed	a	lateralised	response	pattern,	with	a	P600	
for	violations	presented	 in	 the	RVF	 (biased	 toward	 the	 left	hemisphere)	and	an	N400	 for	




















self-report	 and	 the	 Edinburgh	 inventory	 (overall	mean	 score	 0.8;	 range	 0.44-1;	 Oldfield,	
1971)	and	were	monolingual	English	speakers	with	no	second	language	experience	before	
the	age	of	5.	Participants	had	normal	or	corrected-to-normal	vision,	were	free	of	psychiatric	
or	 neurological	 disorders,	 and	 did	 not	 have	 prior	 history	 of	 head	 injury	 or	 prolonged	
concussion.	Participants	were	separated	into	familial	sinistrality	groups	based	on	the	criteria	
outlined	 for	Experiment	1,	as	assessed	by	a	 familial	sinistrality	 inventory	(Bishop,	1980).		














appeared	 more	 than	 once	 per	 list.	 Across	 the	 lists,	 each	 critical	 verb	 was	 seen	 in	 each	






the	 experiment	 a	 small	 red	 square	was	 displayed	 just	 below	 the	 centre	 of	 the	 screen	 to	




either	 the	 left	 or	 right	 visual	 field.	 The	 order	 of	 presentation	 for	 the	 sentences	 was	
randomised	with	the	constraint	that	no	more	than	two	of	a	particular	sentence	type	would	
be	presented	consecutively	and	no	more	than	two	sentences	in	a	row	had	their	target	word	


























to	 be	 high	 for	 all	 conditions.	 In	 particular,	 overt	 appreciation	 of	 the	 morphosyntactic	
violations	 might	 be	 especially	 difficult,	 as	 these	 violations	 are	 based	 on	 a	 single	 letter	
difference	in	the	critical	verb.	Based	on	previous	findings	with	young	adult	samples,	we	also	








four	 levels	 of	 sentence	 type	 (control	 sentence,	 non-thematic	 role	 pragmatic	 violation,	
morphosyntactic	 violation,	 and	 thematic	 role	 animacy	 violation)	 was	 carried	 out	 on	 the	
accuracy	data.	There	was	a	main	effect	of	sentence	type	[F(3,	186)	=	70,	p	<	0.0001]	wherein	
accuracy	 was	 greatest	 for	 the	 control	 sentences	 (82.7%),	 followed	 by	 the	 thematic	 role	
animacy	 violations	 (77.6%),	 non-thematic	 role	 pragmatic	 violations	 (72.6%)	 and	






5.6,	 p	 =	 0.001],	 reflecting	 differing	 accuracy	 for	 the	 sentence	 types	 across	 hemisphere.	
Follow-up	analysis	indicates	that	VF	differences	were	reliable	only	for	control	sentences	[F(1,	
63)	=	23.18,	p	<	0.001;	greater	accuracy	for	RVF	presentation	(86%)	than	LVF	(79.2%)]	and	
for	 morphosyntactic	 violations	 [F(1,	 63)	 =	 19.63,	 p	 <	 0.0001;	 greater	 accuracy	 for	 RVF	

















although	 there	 is	 evidence	 from	 central	 presentation	 that	 FS+	 right-handers	 show	 less	
topographic	 asymmetry	 in	 their	 N400	 effects	 than	 do	 their	 FS-	 counterparts	 (Kutas,	 Van	
Petten,	 &	 Bessen,	 1988).	 For	 the	 morphosyntactic	 violations,	 we	 expect	 to	 replicate	 the	



























In	 contrast,	 there	 was	 no	 main	 effect	 of	 sentence	 type	 for	 LVF	 presentation	 [p	 >	 0.05],	






























































those	 to	 the	control	sentences,	and,	 importantly,	were	very	similar	across	VF.	 In	contrast,	
when	we	perform	the	same	ANOVA	for	the	FS-	group,	a	different	pattern	emerges.	There	is	
again	no	main	effect	of	sentence	type	[p	>	0.05]	but	there	is	a	main	effect	of	VF	[F(1,	62)	=	9.06,	





























and	Federmeier,	FS+	participants,	 instead,	 showed	a	bilateral	 response	pattern.	However,	
whereas	the	results	in	Lee	and	Federmeier	showed	that	both	hemispheres	of	FS+	participants	
could	 elicit	 a	 P600	 to	 phrase	 structure	 violations,	 in	 the	 current	 experiment,	 neither	
hemisphere	of	FS+	participants	showed	a	P600	response	to	morphosyntactic	violations.		
	 For	the	FS-	group,	the	pattern	of	results	here	aligns	with	that	seen	in	the	centralised	

































The	FS	 construct	was	also	addressed,	 given	prior	 research	 that	highlighted	differences	 in	
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laterality	 for	 syntactic	 processing	 based	 on	 FS	 profile	 (Lee	&	 Federmeier,	 2015).	 Overall,	
replicating	 past	work,	we	 found	 that	 non-thematic	 role	 pragmatic	 violations	 consistently	
elicited	 a	 bilateral	 N400	 response.	 Replicating	 Lee	 and	 Federmeier	 (2015),	 we	 found	
lateralised	response	patterns	in	FS-	participants	but	bilateral	responses	in	FS+	participants.		
However,	 the	nature	of	 the	bilateral	 response	differed	 for	 the	morphosyntactic	 violations	
used	 here	 compared	 to	 the	 phrase	 structure	 violations	 used	 in	 prior	 work.	 Strikingly,	



















For	 the	 morphosyntactic	 violations,	 in	 the	 centralised	 Experiment	 1,	 responses	 differed	
based	on	FS	profile,	with	both	groups	eliciting	a	P600	but	only	the	FS-	group	showing	an	N400	
alongside	this.	When	the	critical	word	was	lateralised	in	the	present	experiment,	the	results	
also	differed	according	 to	FS	group.	The	FS-	group	replicated	 the	pattern	seen	 in	Lee	and	
Federmeier	 (2015),	 eliciting	 a	 lateralised	 response,	 with	 a	 P600	 seen	 for	 RVF/LH	
presentation	and	an	N400	for	LVF/RH	presentation.	As	in	Lee	and	Federmeier,	the	FS+	group	
instead	showed	a	bilateral	response	pattern.	However,	whereas	this	group	elicited	a	bilateral	




groups	 does	 not	 have	 a	 clear	 answer,	 although	 there	 have	 been	 a	 number	 of	 studies	
documenting	 this	 and	 attempting	 to	 uncover	 the	 conditions	 under	 which	 each	 type	 of	




in	 response	 to	morphosyntactic	 violations	 –	 e.g.,	 Friederici,	 1995;	 Osterhout	 &	 Holcomb,	
1992).	Tanner	and	van	Hell	(2014)	found	that	the	grand	average	pattern	was	not	reflective	
of	the	majority	of	 individuals,	as	 individual	participants,	 instead,	tended	to	elicit	either	an	
N400,	 a	 P600,	 or	 a	 biphasic	 pattern	 of	 both.	 The	 appearance	 of	 a	 frontally	 distributed	












“rule-based”	 violation.	 However,	 as	 they	 became	 more	 proficient	 in	 the	 new	 language,	
learners	began	to	show	a	P600	response	to	these	violations,	rendering	their	responses	then	
more	 like	 those	 seen	 in	 (many)	 native	 French	 speakers.	 This	 suggests	 that	 language	
proficiency	may	be	 one	 factor	 that	 influences	whether	 an	N400	 effect	 or	 a	 P600	 effect	 is	






variability	 is	 now	well	 attested	 (e.g.,	 Tanner,	 2019),	 it	 remains	 the	 case	 that	much	of	 the	
variance	is	unexplained	(although	FS	has	been	found	to	account	for	some	of	this;	Tanner	&	
Van	Hell	2014).	The	lack	of	clear	understanding	about	what	is	happening	at	the	processing	






generally	 about	 the	 processing	 characteristics	 of	 the	 N400	 compared	with	 the	 P600	 and	
other,	possibly	related,	late	positivises,	such	as	the	P3b	and	Late	Positive	Complex	(LPC).	For	
example,	 N400	 effects	 of	 repetition	 are	 preserved	 in	 amnesia,	 whereas	 LPC	 effects	 are	
diminished,	 linking	 the	 LPC	 to	 more	 explicit	 and	 the	 N400	 to	 more	 implicit	 aspects	 of	
processing	(Olichney	et	al.,	2000).	N400	effects	are	also	preserved	in	the	attentional	blink	
(Rolke,	Heil,	Streb,	&	Hennighausen,	2001;	Vogel,	Luck,	&	Shapiro,	1998)	whereas	P3b	effects	
are	 not	 (Vogel	 &	 Luck,	 2002).	 Thus,	 there	 are	 indications	 that	 N400	 effects	 are	 more	





results	 for	 the	morphosyntactic	 violations	 in	 the	 present	 experiment	 replicate	 important	
aspects	of	the	prior	literature	and	suggest	ways	in	which	FS	influences	language	processing.	
Like	 Lee	 and	 Federmeier	 (2015),	we	 observed	 a	 lateralised	 response	 pattern	 for	 the	 FS-	
group,	and	the	form	of	that	response	was	also	identical:	a	LH	P600	alongside	a	RH	N400.	Since	
this	 group	 also	 elicited	 a	 biphasic	 response	 pattern	 with	 central	 presentation	 of	 these	










provided	 some	 support	 for	 this	 hypothesis,	 as	 they	 elicited	 a	 bilateral	 P600	 response,	











hemisphere	 but	 elicited	 a	 P600	 response	 (and	no	 accompanying	N400)	when	 the	 stimuli	
were	 presented	 in	 central	 vision.	 This	 same	 pattern	 was	 observed	 for	 the	 thematic	 role	
animacy	 violations	 for	 both	 FS	 groups.	 In	 this	 case,	 both	 groups	 showed	 a	 biphasic	








her	 a	 pearl	 necklace	 for	 her	 …	 birthday	 (expected)/collection	 (unexpected)”;	 weakly	
constraining:	 “He	 looked	 worried	 because	 he	 might	 have	 broken	 his	 …	 arm	
(expected)/collection	 (unexpected)”),	 with	 all	 words	 in	 the	 sentence	 being	 presented	












	 By	 analogy,	 then,	 the	 current	 data	 pattern	 suggests	 that	 the	 P600	 may	 sometimes	
require	joint	processing	by	the	two	cerebral	hemispheres.		In	the	case	of	the	syntactic	P600,	
the	pattern	in	the	FS+	group	for	morphosyntactic	violations	seen	here	compared	to	that	seen	
for	 phrase	 structure	 violations	 in	 Lee	 and	 Federmeier	 (2015)	 suggests	 that	 shared	
processing/attentional	resources	across	the	hemispheres	is	differentially	required	for	some	
types	of	 syntactic	 violations.	The	phrase	 structure	violations	used	 in	Lee	 and	Federmeier	
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(2015)	may	 have	 required	 less	 resources	 to	 process	 either	 because	 the	 information	was	
available	 at	 the	whole	word	 level	 or	 because	 the	 violations	were	 presented	 as	 two	word	





elicited	 a	 P600	 to	 these	 items	 when	 lateralised.	 Thus,	 the	 semantic	 P600	 may	 share	
commonalities	with	the	anterior	positivity	 in	requiring	joint	attention	and/or	coordinated	
processing,	irrespective	of	FS	status.	More	generally,	the	dissociation	of	the	patterns	across	
the	morphosyntactic	and	 thematic	 role	animacy	violations	 in	 the	FS-	group	 is	 striking.	As	
already	discussed,	 if	 the	 syntactic	 and	 semantic	 P600s	 are	 the	 same,	 they	 should	pattern	







interested	 in	 the	relationship	between	 the	P3b	and	 the	P600	and	has	 tended	 to	 treat	 the	






Experiment	3	will	 investigate	all	 three	of	 these	components	as	a	 function	of	aging.	
































Non-thematic Role Pragmatic Violation
Control Sentence
FIGURE 3.1  Grand-averaged ERP’s for all trials, FS- results are shown at the top of the panel and FS+results are shown at the bottom. 
RVF/LH presentation is on the left side of the image and LVF/RH presentation is on the right. The presented waveforms show ERPs 













FIGURE 3.2  Grand-averaged ERP’s for all trials. FS- is shown at the top of the panel and FS+ is shown at the bottom. Waveforms show 
ERPs recorded at a representative electrode as indicated by the black dot in the central array. Significant effects are shown on the 




















FIGURE 3.3  Grand-averaged ERP’s for all trials. FS- is shown at the top of the panel and FS+ is shown at the bottom. Waveforms show 
ERPs recorded at a representative electrode as indicated by the black dot in the central array. Significant effects are shown on the 










a	 syntactic	 P600	 versus	 a	 semantic	 P600	 when	 familial	 sinistrality	 was	 considered.	
Experiment	 2	 then	pointed	 to	 important	 differences	 between	 the	 syntactic	 and	 semantic	
P600s	 in	 terms	 of	 their	 manifestation	 under	 lateralised	 presentation	 conditions.	 In	
particular,	the	semantic	P600	was	not	observed,	in	either	FS	group,	for	lateralised	stimuli	
(whereas	the	syntactic	P600	was	observed	in	the	left	hemisphere	of	FS-	participants).	These	
findings	 suggest	 the	 possibility	 that	 the	 semantic	 and	 syntactic	 P600’s	 are	 not,	 as	 has	
typically	 been	 assumed,	 reflecting	 the	 same	 processing.	 Given	 this	 possibility	 --	 and	 the	
critical	theoretical	implications	that	would	follow	--	it	is	prudent	to	investigate	other	ways	





Alongside	 these	 physical	 declines	 there	 are	 also	 changes	 in	 many	 cognitive	 domains,	
including	memory	(Cavanaugh,	Grady,	&	Perlmutter,	1983),	perceptual	speed	(Schaie,	1994)	
and	verbal	fluency	(Kempler,	Teng,	Dick,	Taussig,	&	Davis,	1998;	Tombaugh,	Kozak,	&	Rees,	





than	 their	 younger	 counterparts	when	performing	 the	 same	 task.	 In	 some	 instances	 this	
increase	in	activation	is	seen	alongside	a	decrease	in	activity	in	other	areas	(in	comparison	
with	 young	 adult	 participants).	 This	 change	 in	 activation	 with	 age	 is	 commonly	 seen	 in	
frontal	areas	where	increased	activity	has	been	seen	for	a	number	of	different	tasks	including	
executive	 function	 (Langenecker,	 Nielson	 &	 Rao,	 2004;	 Persson	 et	 al.,	 2004),	 episodic	
memory	 (Cabeza	 et	 al.,	 2004;	 Gutchess	 et	 al.,	 2005;	Morcom,	 Good,	 Frackowiak,	&	Rugg,	
2003),	and	working	memory	(Cabeza	et	al.,	2004;	Park	et	al.,	2003).	Older	adults	also	often	
show	recruitment	of	both	hemispheres	 for	 functions	 that	 are	 lateralised	 in	young	adults,	
such	as	working	memory	(Reuter-Lorenz	et	al.,	2000),	memory	encoding	(Anderson	et	al.,	
2000),	 recognition	 (Grady,	 Bernstein,	 Beig,	 &	 Siegenthaler,	 2002;	 Madden	 et	 al.,	 1999;	
McIntosh	et	al.,	1999),	and	inhibitory	control	(Nielson,	Langenecker,	&	Garavan,	2002).	As	




The	 root	 causes	 of	 differential	 activation	 in	 aging	 are	 often	 thought	 to	 be	
compensatory	 in	 nature.	 This	 is	 formalised	 in	 theories	 such	 as	 the	 HAROLD	 model	
(Hemispheric	 Asymmetry	 in	 older	 adults:	 Cabeza,	 2002)	 and	 the	 CRUNCH	 model	
(Compensation-related	utilisation	of	neural	 circuits	hypothesis:	Reuter-Lorenz	&	Cappell,	
2008).	Given	 that,	 for	many	tasks,	older	adult	performance	 is	comparable	 to	 that	of	 their	
younger	counterparts,	the	CRUNCH	model	specifically	states	that	under	high	cognitive	load,	




empirically,	 wherein	 progressive	 increases	 in	 activation	 have	 been	 seen	 in	 older	 adults	
under	 increasing	 loads	 up	 to	 a	 point	 at	 which	 there	 was	 a	 plateau	 (presumably	 due	 to	
recruitment	limitations),	which	coincided	with	a	drop	in	performance.	(Young	adults	in	the	
same	study	 continued	 to	 show	 incremental	 increases	 in	 activation	under	 the	higher	 load	
conditions,	suggesting	that	such	compensation	may	not	be	unique	to	older	adult	processing	
[Schneider-Garces	et	al.,	2010]).		
ERPs	 have	 also	 highlighted	 age-related	 shifts	 in	 neural	 activation	 patterns.	 As	
outlined	in	the	introductory	chapter,	the	P3b	is	one	such	ERP	component	that	has	shown	an	




age.	 Instead,	 differences	 are	 observed	 in	 terms	 of	 amplitude	 and	 scalp	 distribution	with	















The	 introductory	chapter	briefly	mentions	 the	P3a	component	 (also	known	as	 the	
novelty	P3),	a	subcomponent	of	the	P300	complex.	This	positivity	is	elicited	by	stimuli	that	
are	 completely	 novel	within	 the	 standard	 oddball	 task	 –	 for	 example,	 a	 dog	 bark	 among	
standard	and	target	tones	(known	as	the	novelty	oddball	task).	The	P3a	differs	from	the	P3b	
in	terms	of	distribution,	as	it	has	a	frontal	maximum	in	young	adults	instead	of	the	typical	

















shift	 for	 the	 syntactic	 P600	when	 they	 presented	 older	 adults	with	 subject-verb	 number	
agreement	 violations,	 and	 Leckey	 and	 Federmeier	 (2017)	 showed	 the	 same	 pattern	 in	 a	
similarly	aged	group	of	FS-	participants	using	lateralised	phrase	structure	violations	that	had	
previously	been	shown	to	elicit	a	posterior	distribution	 in	a	young	adult	sample	with	the	
same	 familial	 sinistrality	profile	 (Lee	and	Federmeier,	2015).	As	well	 as	 the	 frontal	 shift,	
Leckey	 and	 Federmeier	 (2017)	 also	 found	 a	 bilateral	 P600	 in	 this	 group,	 instead	 of	 the	
asymmetric	pattern	seen	in	the	comparable	young	adults	group,	which	is	further	consistent	







1	 and	 2	 suggest,	 these	 effects	might	 be	 different,	 then	 aging	may	 not	 result	 in	 the	 same	
pattern	 of	 distributional	 change	 –	 providing	 further	 support	 for	 the	 hypothesis	 that	 the	
semantic	and	syntactic	P600s	are	not	the	same.	Given	similarities	in	the	documented	age-





















previous	 older	 adult	 P600	 study	 that	 took	 account	 of	 familial	 sinistrality	 (Leckey	 &	
Federmeier,	2017)	 it	 lends	more	readily	 to	comparison	 if	 this	precedent	 is	 followed.	ERP	



















	 As	with	 the	previous	experiments,	all	 tasks	 in	experiment	3	required	a	button	press	




Individuals	 ranged	 from	 45%	 to	 96.9%	 which	 is	 a	 larger	 range	 than	 for	 young	 adults,	
unsurprising	given	the	increased	variability	often	seen	with	age.		
	 An	 ANOVA	 with	 four	 levels	 of	 sentence	 type	 (control	 sentence,	 non-thematic	 role	
pragmatic	 violation,	morphosyntactic	 violation,	 and	 thematic	 role	 animacy	 violation)	was	
carried	out	on	the	accuracy	data	and	resulted	in	a	significant	main	effect	of	sentence	type	[F(3,	




































from	 experiment	 1.	 For	 this	 direct	 comparison,	 each	 effect	 will	 be	 entered	 into	 a	mixed	
ANOVA	 along	 with	 two	 levels	 of	 age	 (young	 adults	 and	 older	 adults),	 three	 levels	 of	
anteriority	 (prefrontal,	 central	 and	 occipital)	 and	 5	 levels	 of	 electrode	 (again	 see	 4.1	 for	






















[F(2,	 46)	 =	 14.52,	p	 =	 0.0007].	 Again	 further	 analysis	 showed	 an	 effect	 of	 sentence	 type	 in	
prefrontal	sites	[F(1,	23)	=	4.57,	p	=	0.043],	with	a	more	positive	voltage	to	the	violation	(1.38	






















in	 prefrontal	 channels	 (0.97	 μV),	 a	 smaller	 one	 in	 central	 channels	 (0.2	 μV)	 and	 a	 slight	




































main	 effects	 of	 sentence	 type	 at	 two	 levels	 of	 anteriority;	 prefrontal	 [F(1,	 23)	 =	 20.87,	p	 =	
0.0001;	violation	=	2.16	μV,	control	=	0.51	μV]	and	central		[F(1,	23)	=	6.67,	p	=	0.016;	violation	










































































that	 increases	 from	 anterior	 to	 posterior	 sites	 (prefrontal	 =	 0.35	 μV,	 central	 =	 2.27	 μV,	

































	 The	primary	goal	of	 this	experiment	was	to	 investigate	 the	semantic	and	syntactic	
P600s	in	an	older	adult	(FS-)	population	using	the	sentences	from	Kuperberg	et	al.,	2006.		As	
in	Experiments	1	 and	2,	 also	 included	 in	 this	 stimuli	 set	were	 sentences	 containing	non-
thematic	 role	pragmatic	 sentences,	which	have	previously	been	seen	 to	elicit	 an	N400	 in	
young	 adults,	 in	 both	 the	 original	 studies	 and	within	 the	 present	 series	 of	 experiments.	
Overall,	in	response	to	these	non-thematic	role	pragmatic	violations,	the	older	adults	elicited	




















that	 there	 is	 evidence	of	 age-related	deficiencies	 in	 various	 information	processing	 tasks	
(e.g.,	 Salthouse,	 1985)	 the	 ability	 to	 undertake	 the	 complex	 processing	 required	 of	




the	 present	 experiment.	 As	 has	 been	 typically	 observed	 (e.g.,	 Kutas	 &	 Iragui,	 1998),	 the	
amplitude	of	the	N400	effect	was	smaller	for	the	older	adult	group	than	it	was	for	the	young	
adult	 group	 from	 Experiment	 1.	 This	 may	 reflect	 nonspecific	 age-related	 changes	 in	
physiology	and/or	greater	latency	variability	at	the	individual	level	which,	when	averaged,	





unexpected	words	 that	 violate	 comprehender’s	 predictions	 (Federmeier,	 Kutas,	 &	 Schul,	
2010;	Federmeier,	Wlotko,	De	Ochoa-Dewald,	&	Kutas,	2009;	Thornhill	&	Van	Petten,	2012),	







Up	 to	 this	point,	only	one	paper	has	previously	 looked	at	 the	centralised	syntactic	
P600	in	an	older	adult	sample	(Kemmer	et	al.,	2004)	and	the	main	finding	for	that	study	was	
that	 for	older	adults,	 the	component	had	a	wider	distribution	than	that	 typically	seen	 for	
young	adults.	Specifically,	the	scalp	topography	encompassed	frontal	sites,	as	well	as	central	
posterior	 ones.	 This	 documented	 frontal	 shift	 was	 replicated	 in	 the	 present	 study	 for	






other	domains.	Some	accounts	of	age-related	 frontal	recruitment	postulate	 that	 the	aging	
brain	recruits	more	processing	resources	 to	compensate	 for	a	decline	 in	 function,	and,	 in	
support	of	this,	there	is	evidence	that	greater	neural	recruitment	coincides	with	better	task	
performance	in	older	adults	(Cabeza,	Anderson,	Locantore,	&	McIntosh,	2002;	Grady,	2008;	

















this	 study,	 results	 showed	 that	 a	 young	 adult	 asymmetric	 response	 (LH	P600,	 RH	N400)	
became	bilateral	with	age	(RH	and	LH	P600)	and	an	N400	was	no	longer	seen	as	is	also	the	
case	 in	 the	 present	 experiment.	 The	 N400	 in	 the	 young	 adults	 may	 reflect	 the	 RH	
contributions	from	Experiment	2	where	an	N400	was	seen	alongside	a	LH	P600.	While	we	
don’t	have	lateralised	data	from	the	older	adults	from	these	specific	sentences,	the	Leckey	



















characteristics	 with	 the	 P3b.	 While	 it	 was	 not	 the	 primary	 purpose	 of	 this	 series	 of	




















semantic	P600	shares	 the	 increased	need	 for	more	attentional	 resources	with	 the	LPC,	 it	
could	explain	why	the	positivity	is	not	seen	in	the	lateralised	version	of	the	experiment	in	
chapter	3;	the	increased	resource	requirement	may	require	input	from	both	hemispheres	in	









authors	speculated	 that	 the	 lack	of	 the	component	 in	 lateralised	presentation	was	due	 to	












FIGURE 4.1  Electrode array. Green circles denote the 5 prefrontal electrodes, red circles indicate the 5 central electrodes, and blue circles
show the 5 occipital electrodes. 
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Older Adults Young Adults
Prefrontal
Central
FIGURE 4.2  Grand-averaged ERP’s for the older adult and young adult groups. Older adults are displayed on the left and young adults 
on the right. Representative waveforms are shown for a prefrontal channel, a central channel and an occipital channel, as indicated on 
the scalp array.
Occipital
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FIGURE 4.3  Grand-averaged ERP’s for the older adult and young adult groups for all trials. Older adults are displayed on the left and 
young adults on the right. Representative waveforms are shown for a prefrontal channel, a central channel and an occipital channel, 
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Central
FIGURE 4.4  Grand-averaged ERP’s for the older adult and young adult groups for all trials. Older adults are displayed on the left and 
young adults on the right. Representative waveforms are shown for a prefrontal channel, a central channel and an occipital channel, 

















FIGURE 4.5  Grand-averaged ERP’s for all trials, older adults are shown to the left of the panel and young adults are shown 
on the right. Waveforms show ERPs recorded at a representative electrode as shown on the central array. Significant effects 
are highlighted.





























FIGURE 4.6  Graph shows the average effect size for all positivities; the syntactic P600, the semantic P600, and the P3b across the scalp. Values 








higher	 cognitive	processing	 -	 a	number	of	 late	positive	 components	have	been	observed.	
Despite	similarities	between	some	of	these	components,	they	tend	to	be	classified	according	
to	 domain.	 This	 is	 particularly	 apparent	 in	 the	 field	 of	 language,	 where	 there	 has	 been	
resistance	 to	 grouping	 the	 P600,	 a	 component	 linked	 to	 syntactic	 processing,	 with	 the	







varied	 and,	 as	 such,	 they	 provide	 a	 template	 for	 testing	 the	 relatedness	 of	 other	































organised	 going	 forward.	 In	 his	 1980	Presidential	Address	 discussing	 the	P300,	Donchin	
(1981)	 emphasised	 the	 need	 to	 understand	 ERP	 components	 in	 terms	 of	 the	 underlying	
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